T HAS BEEN found in an accompanying study that lespedeza is injured by concentrations of manganese as low as i.o ppm in culture solutions and that this concentration is within the range found in many acid soils (9) ? There is evidence, however, that the concentrations of manganese necessary for toxicity in other crop plants may be affected by the amounts of soluble or available calcium, phosphorus, and iron.
Hewitt (4) reported reduced toxicity from manganese by increasing the calcium concentration in culture solutions. Chapman (2), on the other hand, found that manganese toxicity was increased by a high concentration of calcium.
Applications of soluble phosphates to soils containing high amounts of manganese increased crop yields and reduced toxicity symptoms according to Kelley (6) and Bortner (i). Bortner also obtained similar results growing tobacco in culture solutions with and without phosphorus. Rippel (n), Somers and Shive (13), and Hopkins, et ed. (5) obtained decreased manganese toxicity to various plant species by increasing the concentration of iron in solution. From their work, Somers and Shive (13) concluded that the iron-manganese ratio in culture solutions rather than the total amounts of these elements controlled the growth of soybeans. The optimum ratio was found to be around 2.0 and any appreciable variation in the ratio resulted in appearance of iron or manganese toxicity symptoms. Hopkins, et al. (5) , on the other hand, obtained normal growth of beans in culture solutions with iron-manganese ratios much higher than 2.0 and found no toxicity from iron regardless of the ratio.
Lespedeza is commonly grown on acid soils. Such soils usually contain relatively low concentrations of available calcium and phosphorus. On the other hand, they usually contain more soluble iron than less acid or neutral soils. It seemed desirable, therefore, to study the effect of various concentrations of calcium, phosphorus and iron on the toxicity of manganese to lespedeza in culture solutions.
EXPERIMENTAL PROCEDURE
Two strains of lespedeza, L6 and L39, were germinated in sand and the seedlings transferred to the culture solutions when approximately 2 inches in height.* Growing periods were July 6 to August 15, 1947, for experiments A and C-i ; August 9 to September 4, 1947, for experiment B; and September 14 to October 17, 1947, for experiment C-2. The weather was relatively cool and cloudy through June. On July Culture vessels were glazed, earthenwa capacity covered with painted, galvanized li holes sufficiently large to hold paraffined c diameter. The plants were placed in holes and held in place by cotton padding. Eight in each container.
A modified Hartwell and Pember's nutr lar to that employed by Ligon and Pierre contained 0.5 ppm boron as boric acid, was ments. In order to provide sufficient mang plant growth, o.i ppm manganese was a standard culture solution. Manganese was s nese chloride. Distilled water was used thro ing culture solutions. All cultures were ae minute periods each day during the growin
In these experiments, 0.2 ppm iron was ously as ferrous sulfate, except in experime ing concentrations of iron were used. All ment A was supplied as calcium sulfate. Sin was omitted, the nitrogen in this experim . to 28 ppm. Solutions were changed every determined midway between changes of sol up to the original concentration. Mangan were checked and found to remain constan terminations were made at frequent interva was the phosphorus concentration lowered enough to necessitate addition of phosphat of the solutions were determined once bet adjusted-, when necessary, with either sod sulfuric acid. The reaction of the solutio constant, seldom becoming more acid than All experiments except the iron-mangan C-2 were of factorial design, consisting of cium and three levels of manganese in e levels of phosphorus and two of manganese and two levels of iron and three of manga C-i. Treatments were replicated three tim B and C-2; in other experiments the trea cated twice. Treatments were randomized and rerandomized at weekly intervals duri All yields were reported as oven-dry wei analyses the entire harvested plant sample pyrex beaker and ashed by the nitric-perc (3). Manganese was oxidized to permang um periodate and determined colorimetri was determined colorimetrically by the Tru (14). Calcium was precipitated as the ox with potassium permanganate. Iron was metrically by the ortho-phenanthroline met RESULTS
A. EFFECT OF CALCIUM CONCE ON TOXICITY OF MANGAN
Yields and chemical composition grown in culture solutions of three l in all combinations with three level are given in Table i. One additional t calcium level was included to study th taining a hydrogen-ion concentration
